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THE EFFECT OF LATERAL AREA ON THE LATERAL STABILITY
£ND CONTROL CHARACTERISTICS OF AN AIRPLANE
AS DETERKINED BY TESTS OF A NODEL IN
THE LANGIEY FREE-FLIGHT TUNNEL

By Hubert M. Drake
SUMMARY

The effects of large variations of lateral area on
the laterzl stability and control characteristics of &
free-flying model when ailerons sre used as the principal
control have been determined by flizht tests in the
Langley free-Ilight tunnel. The effects of the lateral-
force parameter Cy. (rate of change of lateral-force

coefficlent with anéle of sideslip) were investigated
for a wide range of values of the directional-stability

parameter C, (rate of change of yawing-moment coeffi-

cient with angle of sideslip) and the rotary-damping~-in-
yaw parameter Cp (rate of change of yawing-moment coef-
r

ficient with yawing angular velocity).
Although large values of Sy were found to increase

the lateral stability, a definitely undesirable effect
was obtained with large values of this parameter when
ailerons were used to ralse a low wing or to make a
banked turn. With large amounts of lateral area the
adverse yaw accowpanying alleron rolls created adverse
side forces of sufficient magnitude to interfere with

the aileron control. This action was particularly objec-
tionable for low values of - Cp and Cnr. It is indi-

cated that decreasing Cy will improve the over-all
a
r.l

latersl flight behavior.
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INTRODUCTION

Theoretical considerations (reference 1) have
indicated that the stability of an airplane is affected
by the lateral-force parameter Oy (rate of change of

lateral-force coefficient with angle of sideslip). This
parameter has been given little consideration in the
past but, with the recent trend toward cleaner airplanes.
with small lateral area, particularly tailless airplanes,
interest in the effects of lateral area has increased.

In order to determine some of the over-all effects
of changes in lateral area on lateral stability and con-
trol, an investigation with a free-flying dynamic model
has been made in the Langley free-~flight tunnel. It
was already known that increases in lateral area would
increase the ease with which flat turns could be made by
use of the rudder and no attempt was conseguently made
to measure this effect; rather, the interest was centered
upon the behavior of the model in maneuvers either with
ailerons alone or rudder coordinated with ailerons.

SYMBOLS AND COEFFICIENTS

The forces and coefficients are measured with refer-
ence to the stability axes. The stability system of axes
is defined as an orthogonal system of axes having their
origin at the center of gravity and in which the Z-axis
is in the plane of symretry and perpendicular to the
relative wind, the X-axis is in the plane of symmetry and
perpendicular to the Z-axis, and the Y-axis 1s perpendicular
to the plane of symmetry. A diagram of these axes showing
the positive dirsctions of forces and moments is presented
as figure 1.

o 11t coefficient <Lift)
CL rolling-moment coefficient (Rollinibmomené>
q

c yvawing-moment coefficient (%aWIHgsioment\
4
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lateral-force coefficientvL(%aﬁéralvforczxw

qs /
wing area, square feet
wing span, feet

‘ 1 \
dynamic pressure, pounds per square foot (épv%)

alrspeed, feet per second

mass density of air, slugs per cubic foot

angle of sideslip, degrees

angle of yaw, degrees (for force-test data, V= -p)
rolling moment, about X-axls

yawing moment, about Z-axis

pitching moment, about Y-axis

rudder deflecticn
elevator deflection

angle of attack

tims for oscillation to damp to one-half amplitude

period of 1ateral oscillation, seconds

radius of gyration about X-axls, feet

radius of gyration about ¥Y-axis, feet

helix angle generated by wing tip in roll, radlans
rolling angular velocity, radians per second |

yawing angular velocilty, radians per second
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=

rate of change of rolling-moment coefficient with
angle of sideslip, ver degree QbCL/bg)

(@]

o~

o directional-stability varameter, that is, rate of
=P change in yawing-moment coefficient with angle
cf sideslip, per degree Qécn/ég)

rotary-damping-in-yaw parameter, that is, rate of
r change of yawing-moment coefficlent with yawing

angular velocity, nser radisn [écn/écggi
Lo V_j

c lateral-force parsmeter, that is, rate of change
of lateral-farce coefficient with angle of side-
slip, per degree (BCy/OF)

APP ARATUS

The investigation was conducted in the Langley free-
flight tunnel, a complete description of which 1s given
in reference 2. A nnotograph of the test section of the
tunnel with the model in flight is given as figure 2.
Force tests to determine the static stability character-
istics of the model were made on the free-flight-tunnel
six-component balance (described in reference 3%), which
measures moments and forces about the stability axes.

The free-oscillation method employed in reference L
wag used to determine experimentally the values of the
rotary-camoing-in-yaw pearamster ¢, . These values were

: r

derived from damplng measurements of the model mounted
on a strut that psrmitted freedom in yaw.

L three-view sketch of the model used in the tests
is shown as figure 3 and a photograph of the model is
shown as figure li. The test model was so designed that
vertical tails of different size (fig. 3) could be
mounted at various locations along the fuselage, both
ahead of and behind the center of gravity. Ten vertical
tails werse wsed during the tests. Eight of these talls,
two each of tails 1 to L (fig. 3), were geometrically
similar. Of the other two tails, one was extremely large
(tail 5) and the other was of low aspect ratio (tail 6).
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A photograph of the model with tail 5 in place is pre-
- sented as figure 5. - The dimensional and mass character-
istics of the model used in the tests are given in teble I,

TESTS

Test Conditions

The flight tests of the model were made for a wide
range of values of the lateral-force parameter Cvy

over a range of values of the directional-stability
parameter an and the rotary-danmping-in-vaw paramster Cnr'

Changes in these parameters were obtained by various
combinations of vertical-surface area and tail lengths

so that the lateral-force parameter could be varied while
the directional-stabllity and rotary-damping-in-yaw
varameters were held consiant. The dihedral was zero

for most of the tests.

The roange of test conditions covered in the investi-~
gation ieg shown in figure € in the form of slope values
obtained from ths force tests and the free-oscillation
tests of the various configurations. For most of the

tests, the values of Cyj, qu’ and Cnr were varied,

respectively, from -0.001ll to -0.0201, from -0.0000L

to 0.00260, and from =-0.011 to -0.158. The ratio between

-Ch and Cp. was held at a convenient normal value of
P ,

about 60:1 for most tests, but no attewpt was made to
maintain an exactly constant value of this ratio. 1In
addition, the model was tested with two configurations
having a very high value of Cy_ (=0.0600) for two

large values of Cp and G, . For some tests the
Ii
vertical tall was removed and the minimum value of Cp

occurred in this condition rather than at the negative
value of Cn because, in order to obtain negative Cnﬁ’

a vertical tail had to be added sghead of the center
of gravity.

Flight tests were arbitrarily made at a 1lift coef-
ficient of 0.5 for each of the conditions represented by
the test vpoints shown in figure 6. 1In order to determine
the effect of 1ift coefficient, some tests were also made

_III__III RV N
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at a 1ift coefficient of 1.0. Flights were made for sach
sst arrangement by use of ailerons alone or rudder
coordinated with ailerons for control.

The total ailleron deflection used in the tests was
30°%, ‘™is deflection gave a value of pb/2V of about
0,07 as measured in rolls from level flight with rudder
fixed. For most of the tests the zilerons were riggsd
up 10° in order to minimize the .adverse aileron yawing.

Flisht tests were made at approximately 0° effective
dihedral angle &s indlcated by iforce tests The vertical
teils were added above or below the Fuqelaue in order to
maintain the effective dihedral angls as near 0° as
possible. ©One exception was the test with tail 5, which
gave approximately 2l® effective dihedral angle.

Throughout the tests, the mzss characteristics were
maintained constant at the valuss given in table I.

Flight Ratings

The model was flown at each of the test conditions
renresented by the parameter values in figure 6. Graduated
ratings on qtqbi7ity, control, and general flight char-
acteristics were assigned each test condition from pilot's
observations of the model in flight. The stability and
control ratings used were as follows:

r !
; Rating Stability or control
! .
| A Good
’ B Fair
; C Poor
‘ D Very poor
y B Divergeut
| !
Plus or minug ratings were sassigned to indicate slight
but perceptibla changes in the rating. ¥otlon-plcture

records of some fllghfs were made to permit more careful
gtudy of the flight tehavior and thereby to ald cbservers

J

in making mcre accurate [light ratings.
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~—--. The stabllity.rating of a2 free~flying model in &
stable condition is general]y deterwined in the free-
flight tumnel from the steadiness of flight in the rather
gusty alr of the tunnel. A very stable model returns to
1ts original flight path more rapidly after receiving a
gust disturbance and generally does not tend to move as
far from its original flight path as one with less stability
Greater stability is thus indicated by greater steadiness.
For unstable conditlions, however, the stability is judged
from the rate at which the model deviates from straight
and level flight and from the frequency of control appli-
cation required to maintain steady flight.

The control rating is determined from the ease with
which straight and level flight is maeintained and from
the response of the model to control applications deSLgned
to perform maneuvers. Any unnatural lag or motion in the
wrong direction is judged as poor control.

The general flight ratings ars based on the over-all
flying characteristics of the model. The ratings indicate
the ease with which the model can be flown, both for straight
and level flight and for verformance of the mild maneuvers
possible in the Langley free-flight tunnel. Any abnormal
characteristics of the model are generally judged as poor
general flight behavior, inasmuch as they are disconcerting
to the free-flight-tunnel vilots.

RESULTS AND DISCUSSION

The results of the investigation are summarized in
figure 7, which presents pilot's ratings for the stability,
control, and general flight characteristics. The sta-
bility and control ratings ars substituted for the test
point valuss of figure 6 and sre therefore representative
of various configurations. It should be remembered that
these results were obtained at a dihedral angle of 0°
(Cy, = 0), except for tail 5, and are strictly true only

for this dihedral angle; however, the qualitative effects
of Cy are believed to be unaffected by dlhedral. The

generai effects of dihedral have been reported in refer-
ences 5 and 6.
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Bffect of CYB on Stability

The stebility ratings of figure 7 show that increasing

c while maintaining Cp and Cnr constant slightly

Ve
increased the stability. The results of stablility calcu-
lations, made by the method of reference 7, are presented
in figure 8. The lateral-force parameter is given as a

function of the period of the lateral oscillation (P) and
as 8 function of the time required for the oscillation to

damp to one-half amplitude (Tl 2). The results shown in

figure & show the same trend noted 1n the results of
figure 7. The increase in stablility with increased CYB

is greatest for the smallsst values of Ch and Cnr’
The calculstions also show that Cy  has gery little

effect on the period of the latersl oscillation.

Effect of CYQ on Cbntrol by Use of Ailerons

The results of figure 7 show that lncreasing Cy
[

generally decreased the ease with which the model coufd
be controlled with ailerons alone or rudder coordinsted
with ailerons. The deterinration in control was much
greater for the low velues of Cn6 and Cn,, than for

the large values of these derivatives. The reduction in
control with increased Cvp is explained as follows:

When the model received a gust disturbance in yaw causing
it to sideslin, the pilot gavs corrective aileron control
to bring the model back on course. As a result of this
control application, the wmodel rolled but the large side
force opowosed the lateral component of 1ift that tended
to bring the model back to its original location in the
tunnel. The return to the original flight path was thus
abnormally slow. As CYB and, hence, the opvoosing side

force was increased, the aileron control became less
effective in restoring the model to its original lateral
position in the tunnel. TFor another case, 1f the model
was in straight level flight and the pilot anolied aileron
control to perform a maneuver, the adverse yawing caused
by the aileron deflsction and rolling introduced
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a =side force in such a direction as to oppose the side
force produced by the angle of bank. This effect caused
the model to hesitate or move first in the wrong direc-
tion and was therefore considered undesirable.

BEffect of CYB on General Flight Characreristics

The pilot's rati lngs for general flight character-
istics are presented in figure 7 together with those for
stablility and control. These ratings are shown by the
separated regions of figure T7(b) and indicate that the
pilot preferred the ease of control obtained with low
values of CY13 to the slight increase in stability

resulting from increased € Obviously, the ideal

7t
configuration would be one tgat was both very stable and
easily controlled. If low stability characteristics
necessitated a corpromise, the pilotfs rating indicated
a preference for ease of control rather than a slight
increase in stabﬂlity The tests showed that the quanti-
tative effect of varying CY was dependent upon the

D)
accompanying values of Cnp and Cp
x:»

Large values of Cn@ and Cnr'— At extremely large

values of Cp and C, , such as are shown in the flying-

bomb region in figure 6, all flights were given an excel-
lent rating by the pilot despite the fact that two of the
configurations tested had extremely large values of Cy -

For conditions in this region, the large amount of
directional stability limited to small values the side-
slipoping due to adverse aileron yaw. As a result, the side
force created by the large values of CY was not large

enough to affect the alleron control anpreciably.

Moderate values of CnB and Cnr.— Yhen Cn5 and Cnr

were reduced to values corresponding to those of the
ordinary conventional airplane, large variations of Cvy

appreciably affected the control of the model. For values
of Cn corresvnonding to a conventional airplane with a

rather large tail &Cng = 0.00200), increasing CYB from
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small to large values caused & corresponding reduction in

general flight ratings from excellent to good. With

smaller values of Cp. and C (Cnp = 0.001uo) in the
P nr .ﬂﬁ

conventional-airplane range the change in flight character-
istics with large increases in Cy =~ was morse nronounced

B
(excellent to fair).

Small values of CnB and Cny,e - Flights made in the

tailless-airplane region &an = 0.0001l to o.ooo8o) were
satisfactory only for the smallest values of Oy .
Increasing Oy to larger values in this reglon resulted
in very poor ffight behavior.

Flights made at the lowest value of Cp

(¢, = 0.0001l) in the tailless region, although very

\ g
controllable {control rating, A-) were given a general
flight rating of only fair. This rating was given bscause,
although the wmodel was stable in this configuration, it

had a long-period large-asmplitude yawing oscillation that
was objectionable to the pilot. The medel flew very
steadily, however, because of the long period of the
oscillation. This flight behavior has been previcusly
reported for other tailless designs (modsl and full scale)
and was similarly objectionable both to free-flight-tunnel
and sirplane pilots. Increasing Cp,. to & value of 0.00080

reduced the yawing oscillation to a great extent and
resulted in satisfactory flights.

The model was directionally divergent in {lights
made with a negative value of CnB for values of O,

=

equal to -0.00%0 and -0.0105 and thus could not be

given a control rating, but was however given a general

flight rating of very poor. The directional divergence

at both values of Oy was vaery slow and the pilot felt

that the divergence could have been prevented with
independent rudder control had this contrcl been gvailable.
In any case, the condition would have been given a general
flight rating of very poor bscause of the unnatural control
required.
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Effect of 1ift coefficlent.~ Flights made at a 1ift

cnefficient of 1.0 showed a negligible change in flight
behavior from corresponding flights made at a 1lift coef-
ficient of 0.5 and conseguently no data are presented for
these tests. '

CONCLUDING REMARKS

Tn tests, made in the Langiey free-flight tunnel,
in which ailerons were used as the principal control, it
was found that, although large values of the lateral-force
parameter CYB (rate of change of lateral-force coeffi-

cient with angle of sideslip) increased the lateral sta-
bility, a definitely undesirable effect was obtained when
ailerons were used to ralse a low wing or to make a

hanked turn. This effect was narticularly objectionable
for small values of the directional-stebility narameter Cp

(rate of change of yawing-moment coefficlent with angle

of sideslip) and the rotary-damping-in-yaw parameter Cp
r

(rate of change of yawing-moment coefficient with yawing
angular velocity). For such conditions the adverse vaw
accompanying alleron deflection created adverse side
forces sufficlent to interfere with the alleron control.
The over-all flight behavior of the model was considered
best with small values of CYB.

For any valus of Cy the over-all flight character-
istics were improved by increasing Cp and Cnr’
Increasing Cn{3 and Cnr was mcst effective at the smallest
values of Cy .

Tittle change in the fiizht characteristics was
caused by a change in 1ift coefficient from 0.5 to 1.0.

Langley Memorial Aeronauticsal Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE T
' MASS AND DIMENSTONAL CHARACTERISTICS OF

v]e ig]:]-t F] lb . . . . . . . . L] o e . . L] .

THE

wing:
Area, 8Q £t ¢« & 4 ¢« o o ¢ s e 4 e 4 s e s 4
Span, £t .+ ¢ ¢« ¢ « ¢ o v e s 0 e e e e e e e
Asvect ratio . 4 ¢« ¢ 4 4 4 e e 4 e e e e 4 4
M.ACoy, T2 . 00 s s 0 0 . e e e e s e e a
Sweenback of 50-percent-chord line, deg . . .
Dihedral, deg « « o « ¢ o o o o & o s o o« &+ o
Taper ratio (ratio of tip chord to root chord
Root chord, ft . . . . e e e e e e s . .
Tip chord, f£ . v « o o+ o ¢ o+ « o o o s o o o
Loading, 1b per 8q £ ¢« v ¢ o ¢« ¢« &« « « « « &

Radii of gyration:
Kys P
Koy T8 0 0 v v v v e s e e e .

Ailerons:
TYPE ¢ o o o« o o o & o o o o & 2 & &
Area, percent S . .+ « ¢ ¢ 4 v 4 e e e s
Span, percent b . « + 4 v v s e e o«

S
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MODEL

. . 5.03

[ ] * 2.6
C A
.. 6.0
. . 0.70
. .. 0
. . 0
. 0.50
.. o.zo
. . 0.
. . 1.83
. 0.625

. Plain
1 4 L] . 7
.. L6L2

NATTONAL ADVISORY
COMiEITTEE FOR AERONAUTICS
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figure /.- Syslem of srability axes. Arrows
indicate positive cirections of moments, forces,
and  confrol-surface deflections.
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Figure 2.- Test section of Langley free-flight tunnel
with model in flight. CYﬁ = -0.0160; Cnﬂ = 0.00080;
Ch. = -0.064; CL = 0.5.
r
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Figure 4.- Three-quarter front view of model used in lateral-force

investigation in Langley free-flight tunnel showing tail 1
installed.
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NACA LMAL

Figure 5.- Side view of model used in lateral-force

investigation in Langley free-flight tunnel showing
tail 5 mounted on model.
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